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FOREWORD 


The use of modern fTWinagement techniques such as Programme 
Evaluation and Review Technique {PERT} and Cnlical Path MtTlinti 
I^CPM) have been succcs&fnUy employed in various Cfv Engineering 
Projects in countries lake the U.S.A., Canada and Australia wiiii u view 
to achieving economy lind efliciency, Thest techniques help manage- 
menl in efficient and economic use of resources in the accomplifihmerit 
of programme objectives. They also help in elVcctivc planning, 
schedulings evaluating progress and controlling of projects and prog¬ 
rammes. Though PERT and CPM leciiniqucs arc basically similar, 
the CPM technique is more widety used in the Civil Engineering 
industry. PERT is adopted in such projects where activities consum¬ 
ing time are eonsidcred uncertain and a probabilistic approach is 
resorted to. The main j'calures of CTritical Path Analysis have 
application to many programmes that do nol warrant the comptcic 
PERT treatment. 

CPM hlghEighls minimum time required; gives an advance 
warning about fuluro problem*;; helps predict the fuHire time need, 
helps rational [sing, optimizing and a LJoc a ling and reshuffling resources 
and above alMiclps in coEiipkiion □(" projects in dme. Keeping in 
view thcadVciatages of [his technique, I nm glEtd UiHi thr ladlan 
Roads Congress have prepared this Manual fur the Applicaiion of 
Critical Path Method to Highway Projects in India. In preparing the 
Marmal. similar guides brought ouL by organisations like Canadian 
Good Roads Association. Bureau oF Public Roads CIJ.SA). Depart- 
mriu of Hfghw=ay&, Ontario, Department of Main Roads, Atisiralia 
and some impertani text-books cji the stibject have been extensively 
consulted. The Manual is illuitralcd by examples of road and bridge 
projects so that the meihodoEogy described in the text can be 
comprehended easily in actual application. 

] am sure, this Manual will not only serve as a Uiicfu] guide to 
the Highway Engineering proftasion* it will: also cncouiage the use 
of this modern lecbniquc in highway coiiatruciion in our Country. 


New Delhi, 
Sepicribcr 4+ 1973. 


S.N. Sinhu 
Past President, 
Indian Roads Congress 
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CHAPTER I 


1. INTI^ODUCTIOII 


Ll. From the inception of a hignway or a bridge project to 
its completion, there is a vast expanse of management and admlstra- 
livc Ushs a modern Highway Engineer is called upon to fulfil in the 
present day. It is no more sufficient for him to be a good professio¬ 
nal engineer. It is equally necessary for him to be competent in 
management in various fields such as planning, oTganising* staffing^ 
directings controlling and coordinating. He will have to take bold 
decisions^ both on technical problems as well as management 
problems. Sound engineering management is an art, but luckily 
the art is backed by modern scientific tool5» These toots can consider 
the complex problems of choice froni various pracdcal solutions. 
Linear Programming is one such tool which enables the engineer to 
arrive at an optimal solution to complete a project at the mimmum 
cost for a specified construction lime. The Critical Path Method^ 
Known as CPM, has already proved its usefulness in many fields of 
Civil Engineering and is the natural answer to Highway Engineering 
Management of the present and the future, Because of its easy and 
effective ftpplicahclity to Hij^hway Engineeringn the CPM has already 
replaced ihe old, familiar bar charts which used to be the engineer s 
too! so far for controlling, planning and scheduling of sequences. 

1,2, The CPM is the schematic re present at ion of a project by 
means of a diagram of ^'net-work"', depicting Ihc sequence and 
interplay of the numerous component events that go to form the 
project and the utilisation of the data contained in the net-work for 
determining the most suitable implcmcntnliod, of 

the project, The final programme is so selected aa to result in the 
lowest cost consistent with the time factor. 

M, Though the CPM had its origin comparatively recently 
In the late I950i, its demonstrated advantages as a management too! 
have already made it extremely popular tn.variotis branches of Civil 
Engineering in uouniricS abroad, and large savings are reported in'the 
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lime timJ cost of projects by its use. Its use iu the higtiwuy 
departments has been widely accepted abroad, in areas such as 
planning, design, construction, research programmes and maintenance, 
In India, where there are a large number of constraints due to 
shortage of resources such as sicel and cement, non-availability of 
skilled labour, seasonal avatlahjliiy of labour and climatic variations 
(the munsooEi period, ihc season of floods In streams etc), the 
planning and cjteoulion of highway projects could be done in a more 
efficient manner by the application of CPM. Bcnefiis can be reaped 
both by the Governmental DcpartmcFitS and the Coritmetors by its 
use and it i$ towards providing the eoncerned citgitieers with a ready 
muEval of reference that this publication is directed. 
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CHAPTER 2 


2. D^FlNmONS 


Before tile procedure of coiistructinB the nciwork is discussed* 
it will be nece'SSfiry to be convcf5.aLflt with the terms commoDJy used. 
The definiLtons of these terms with suitable eJtftJupUs are as foUows, 

(i) Network or Flow DlflEraal 

It is diagraniinatic repreS'Cniation of the entire projeci, whercio 
the order in which Llie various items of works must be performed is 
shown* A typical network is shown in Fig I, Generally, in a 
network, the general flow of events is from the left to the right. 



(ii) Activity 

An aci/viiy is a part of the project dctioLed by an arrow on the 
network, the tail represent mg the start of the aetivliy and the head 
the end of the activity. One and only one arrow can be used to 
represent one aetivity or operation, Each activity bas to have a given 
lime. However* length and direction of the arrow have no sigriificaficir. 
For example in Fig. I, an acimiy can be represented as 1-2 or 
by ‘A^ 
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m) CtenC 

An event h ^ smge ot a poml where nil previous jobs are 
compJele and the succeeding onti are to start. The event is represen¬ 
ted on the network by a circle (node) at ihe jutictioTi of arrows. An 
event cannot occur until ail the activiiies leading to it are completed. 
Similarly^ no activities emanating from an event can start until the 
event has occured. These events arc numbered in their sequential 
order on the networks 

(Iv) DoratiOns 

Duration is the e:stirnated lime required to complete an activity 
and is denoted on the activity in the network.^ For CKample the 
duration for activity 1-2 (A) is 9 days in the network shown in Fig. 1 
The duration can be expressed in any convenient unit such a^ hourSi 
daySt wcekSf months^ etc. 

(v) Dqiaiiiy Activity 

It is & hetitious activity with zero duration and no coat and is 
used Eo maintain the sequential order of the activities in the network. 
It is generally represented by dotted lines on the network. For 
example in Fig. 1, activity 4*5 is a dummy activity and denotes 
that all activities commencing from event 5 cannot siart before a 
compIcLioii of event 4. 

(vi) Restraint 

It is a restriction very similar to a dummy activity but has a 
duraiion which can be either negaiive or positive. It is frequently used 
to fix intermediate dates wiihin the network and thereby fix (he 
relaiive start or Bnish of the parallel activities, when these activities 
are not coincident. 

(vli) Early Sturt Time 

It is the earliest possible time an activity can start without 
changing the sequence of activities in the network. It is denoted as 
EST. EST of an activity is also the Early Finish Time of the event 
preceding it, i.e. the event at the tail of the activity arrow. 
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(rill) £arJ^ Fin lilt Time 

It 13 Ihe earliest time by which an activity can be completed. 
It U denoted by EFT, 

EFT of an activity =^its EST-1-duration of activity 

(ix) Tate Start Tjnie 

It is the latest time by which an activity can start without 
delaying the pioject. It is denoted as LST. 

LST of an activity*=iit5 owu LFT — its duration 

(x) Late Finish Time 

It IS the latest time by which an activity can be completed 
without delaying the project* It Is denoted as LPT* The LFT of an 
activity is also the LFT of the event at the head of the activity 
arrow* 

(xi) Total Float 

It is the difference between the maximum lime allowed for an 
activity and its estimated duration. It can» in other words* be 
defined as the full amounts of lime by which the start of an activity 
can be delayed without causing the project to la^it Longer, [t is 
denoted by TF, 

TF = L FT^ EST + D uraiion) 

= LFT—EFT 
or TF=.L5T—EST 

fxil) Free Fluat 

The free float of an activity ia the amount of time by which the 
activity can be delayed without interfering with the start of succeed¬ 
ing activitie$. It is denoted FF* 

FF=EST ufits following activity — its own EFT 

(xiiL) lutcrferiag Float 

It is the diOerence between the total float and the free fioat. 
Consitmpiion of any of the interfering float time in a delayed start of 
an activity will necessarily retard some of the following activities, hut 
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will not delay the overall project time, Jnlerfcjring float is denoted 
by IF, 

IF=TF—FF 

(xiv) Critical Path 

The Events which have no Boal are ihe critical events, i.e. they 
have the same EFT and LFT or in other words no leeway, Thciie 
events must be completed on schedule jf iJic project is to be completed 
In the minimum total time. Tile path joining such critical events a 
culled the critical path of the network. 

(xv) Crllkal activities 

The activitieg lying on the critical path arc culled critical 
activities. Critical activity has a zero float. 


Network Construction 
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CHAPTER 3 


3, network construction 

3,1. The basic step in analysing a project by the CPM 
technique is lo draw up ihe net^work, whicti schennuticalLy represents 
the entire project after it is split up into a ntimber of activities. The 
procedure involved In drawing up the network is detailed in the 
succeeding paragraphs. 

3.2- As a first step, ihq activities involved in the project are 
carefully listed out without regard to their order of occurrence. Care 
must be taken to see that none of the activities involved are left over, 
ns an error at this stage would be a basic one and consequent to 
which the network would be entirely wrong. It should, however, be 
noted that the number of acliviiics into which a project is to be split 
will depend entirely upon the extent of detailed control and infl^rma- 
tion feed back desired. The Bill of Quantities for llie work will give 
a very good idea of the various feasible activities involved, but some 
of Ihe hema included in the Rill of Quantiltes may themselves have 
to be broken down further into smaller activiites^ depending upon 
the degree of refinement needed. 

3.3. The next step JS to establish a logical sequence of the 
activities* In arranging the order of the activities, the follovirinig 
should be kept in mitid^: 

tu) Whicti arc the actlvj|[e$ that rnu$t be completed before the istari of 
caph activity? 

ibi Which nclivities can occur simultancdosly? 

(c) Whicti activities must sUcCCeU each activity? 

3.4. Necessary construinta in the project should tw identified 
at this stage. The constraints may he materials, equjpnicnt, labour, 
variiilions in season etc. For exainplr, in a road construction job, 
the bitumen might bt available only at a specified date. While ah 
activities not requiring bilumen can be done prior to thi^ date, the 
mixing and laying of the biLuminous paverneut can be done only 
after that date. Labour might not be uvallubli: In the harvesting 
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S'CasoHh and this factor i& a major restrainl in the project schedulings 
Heavy mini; in monsoan perJod nite out the nossihiJiiy of bituminous 
work and this is a seasonal limit^tioTt, 

The actual drawing up of tlic flow dtagram can now be 
possible. The following simple illustrations indicate how a net-work, 
can be construcccdp 


© ■■O KD - *" Hg) 

Flo. Z 


T.iOgic !i«1iind llid did gram 

Activity C can itart only 
after ncijviiy B ends. Acti¬ 
vity B can start only aftc^r 
activity A ends 



Neither activity B nor C can 
dtart unless activity A endi 


Actlviiy C can st^rt tmly 
after both activities A and 
Q end 


Activities C Hiid p can mot 
Stan unteas activities A and 
B are compIetedK bu( ncli- 
vlly C can be started Inde- 
pendent ofD and y/jie-i-'erji'tf 
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^ 

I 

(?)—^—<-(2)—^--KD 

Fig. 6 


Activity B cannot begin 
until both activities A 
and C are completed, 
but activity D can start 
after activity C is com¬ 
pleted. The dashed 
arrow here represents a 
dummy activity to main¬ 
tain the logical sequence 
of activities and their 
inter-relationships. 


3.6. After the net-work is completed, it should be checked 
for accuracy of logic by beginning at the final event and working 
backwards towards the start, going from event to event and checking 
whether (i) each activity beginning at an event depends upon all 
activities leading to the event, and (ii) all activities upon which the 
one in question must depend, lead into the event. 

3.7. The following data leads to the preparation of the net¬ 
work diagram given in Fig. 1. 

(1) Activities A and B, which occur at the start of the Project, can be 
performed concurrently. 

(2) Activities C and F are preceded by Activity A 

(3) Activities D and G are preceded by Activity B 

(4) Activity E follows activities C and D 

(5) Activities H and M both cannot start till Activities C, D and G are 
completed 

(6) Activities J and I follow Activity F 

(7) Activity L is preceded by Activities I, E and H 

(8) Activity K follows Activity J 

(9) Activities K, L and M can occur simultaneously to lake the project 
to completion 

3.8. It will be seen from the net-work in Fig. 1, that each 
node is numbered. The numbers are chosen in a purely arbitrary 
way, generally proceeding from lower numbers at the start of the 
project and having higher numbers as the project advances. 
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CHAPTER 4 


4 . assignment of DllFtATIONS FOR ACTIVITIES 


When Ihe neiwork has been cofnpletcd, il is necessary lo assign 
dura (ton to each activiiy. Duration is the time required to complete 
the flciivity. Duration is assigned lo each activity entirely on it5 
own without considering the effects and delays caused From the 
adjoining activities. Such influences are taken care of in caEculating 
ihe critical path itself and need rot enter at this stage. The duration 
should he established by individuals having thorough faTUilarky with 
the details involved in the project. Previous history of similar pro¬ 
jects will be valuabie guides, provided the informationi ii updated and 
is not old. The time initially assigned is the rormal time Or average 
time assuming that mW available resources can be applied for ihe 
completion of each activity. The lime csttiuaiBS arc later on refined, 
considering all the activities; in progress during Ihc same period and 
optimising the svailabie equipment and other resources. The unit of 
lime used in the itctwoik for assigning duration could be hours, 
shifts or days aa can be convenient for a pariicular case but the unit 
should he the same for all the activities in a paniculur network. The 
duration is written above or below the arrow line representing the 
activity, vide Fig. 1 + 
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CHAPTER 5 


DETERMINATfON Of PROJECT SCHEDULE 
AND CRITICAL PATH 


5.1- The rieji,t objective is the preparatian of the project 
Eidiedulc and the critical path. In order to accornplish ihh, ti h 
necessary to run througli I he events in the network and determine 
ihe Early Finish Time (EFT) and Late Finttili Time (LFT) of each 
activity. In this proccdurct the node at the start of the network is 
assigned a value of zero. As one progresses^ the duration of cadi 
succectling activity is added to the Early Finish Tima of an event to 
determine the Early Finish Time of the nenE event- In doing so it, 
will be seen that the earliest finifth Lime of each event is one which is 
arrived at by the loneesl path- Tn the example of Fig. I the early finish 
time for event (4) works out to 331 days via activities t-2 and 2*4 and 
27 days via activities 1''3 and 3-4. In this case, the EFT is the greater 
of tJhe two values i,e* 33 All the EFT thus ealctilated arc 

marked on the left half of the ‘oval time space'on the net-work. 
After proceeding in This manner* through the net-work* EFT of the 
last event is known i.e* the earliest possible time by which the pro¬ 
ject can be completed which ia the sum of the duration of the longest 
lime path through the network* It will be Siecn that in the example 
shown in Fig. 7, the EFT of the last event is 63 days, Acoepting 
this as the project duration lime, the laloEl finish lime (LFT) of the 
final event becomes 63 days* This is entered in the right half of the 
'‘oval time space” of the final event* From the LFT of the linal 
event, one works backwards to find the LFT of each event-, The 
LFT is controlled by ai] the activities starting from the event concer¬ 
ned and is the iniminum figure so obtained. For instance consider 
eveBL (4). Its LFT considering activity 4-7 would be 53-12=41 days 
but as there ia a dummy activity 4''5 of zero duralinn* the LFT 
comes to 33—0=33 days. As such the LFT of event (4) will be 
the minimum value i.e. 33 days. It is thus possible to work out the 
LFT of each event which have been shown in the right half of the 
''oval lime apace'* on Fig. 7* 
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5.2, The events in which ihu EFT anil LFT are (he same gf 
in oiher words there is no leeway^ fall cm the critical path. The 
critical path is vhewn in hcavj.' lines i>it ilte network in Fig. 7 and 
passes Elirough the events I, 2, 4, 5 and 9< It may be nqtiecd that 
for any particular projecU there may be more than one crcTica] path* 
The critical path will be a contiriijous lino beginning front iho start of 
the project and ending at its condpletion. All activities on the criti¬ 
cal path must be completed on schedule and cannot be prolonged. On 
die other band, tlje activities outside the critical path, can he pro 
lnngci:l witliiii die limits indicaiL-d by their fioatfi, vvEthout prolonging 
||iL' total project Lime. 

5.3, Activity ticiiea, Floar;^ and Har graph 

After having derived ihc carlfcL^t and lilies! finish times for all 
the events in the project, the next step is to find the aotivily limes 
and The Poats, In 7, activity 6-8 has a duration of 2 days and it 
is apparent that event 6 could occur ns early as ihc'2tst day; w-hcrcas 
event 8 coaid be as late as the 56lh day, so there might be 35 days 
available in which this "2 days*" activity could be done-. This 
activity therefore, has a lotal leeway of 33 days acid is not n critical 
activity. Outlie other hand, activity 2-4 is c-rattcal having no float 
ill all. The EbT, LS-T, EFT, Lin" and floats have been calouiuted 
in resi^cei of all the activities and are shown in d'ttblc L 
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Table I 


Activity 

Dura- 

liOD 

EST 

LST 

EFT 

lft 

TF 

FF 

LF 

Ac- 

mirke 



in 



Item 

Arrow 

day* 








fe 

A 

3 2 

9 

U 

0 

9 

9 

0 

0 

0 

Critj- 

caS 

ii 

ll 

5 

0 

6 

9 

15 

6 

0 

6 

— 

c 

2-4 

24 

9 

9 

33 

33 

0 

0 

0 

Criti¬ 

cal 

F 

2-6 

12 

9 

29 

21 

41 

21) 

D 

zo 

— 

D 

J-4 

IS 

g 

15 

27 

33 

6 

6 

0 

—- 

G 

3-5 

13 

9 

IH 

24 

33 

9 

9 

0 

— 

Dammy 4-5 

0 

33 

33 

33 

33 

0 

0 

0 

Criti¬ 

cal 

E 

4-7 

12 

Ii 

41 

45 

53 

i 

2 

6 


11 

3-7 

14 

33 

39 

47 

53 

6 

n 

s 

—■ 

M 

3-9 

30 

J3 

33 

fl3 

53 

0 

0 

0 

Criti¬ 

cal 

T 

6-7 

12 

21 

4L 

33 

S3 

20 

ii 

6 

— 

J 


2 

21 

54 

23 

56 

n 

0 

33 

— 

L 

7-9 

io 

47 

53 

57 

63 

fi 

6 

u 

- 

K 

S-9 

7 

23 

36 

30 

63 

33 

33 

0 



Tho essential time relationships between the various activities 
can oow be on^tlysed and decisions taken conccming the scheduled 
lifting of the activities in- the constrtiction works* To appreciate the 
scheduling of time better, often the CPM bnr graphs are drawn* Tlie 
CPM bar graph fur the Gcttvily limes and floats shown in Table 1 is 
given in Tig. 

Study of Fig. K will^ reveal that tliis chart is idcnlkal to the 
conventional constraction programmes but in addition ii shows 
the crjijcal activities and the float times. Hence one can see just at 4 
gtance which arc itic aciivilies which caiiruLU Iw delayed and also in 
which activities delay can be tolerated snd by how much. Thus the 
planner has a better tool in hund lo know exactly the repercussion 
of tiny delay ill the entire projcoi and hence can undertake the 
necessary remedial mcasurei in lime. 
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CHAPTER 6 


&. COST TIME BALANCING 


6.1. It wiis Tiientioncd in Chapter 4 that the initijil network 
utiliees time estimates which are ^'normal" br *"avcriigc'' timtJtit 
assuming that all resources can be applied for the completion of each 
activity. Obviously fiudi a scheduling Ls not the beat one linartc/all.v* 
and many alicrnatives will have to be considered before a final one 
can be lielected. Tim seleetioti of ati appropriate nlternalive is rendered 
simple by the CPM techniLpje, 

6,2h The effeci of altering the duration of a particular activity 
may be very marked on the project as a wliole. This is illustrated by 
considering the network of Fig 7* If the activity 5-9 can be curried out 
in say, 21 days instead of 30 days* ihc network geta altered. The 
rnodified network would he as shown in Fig 9, 



It will be seen that the cnticBl puili wli’icli was earlier along l, 2^ 
5 and 9. has changed to 1. 2. 4. 5, 7 and 9 and ihe project diiratiou 
time has shortetied to 57 days from llic eai'licr period of 63 days, 



























30 


Cost — Tiitie Btilancing 


6.3. fn order to cvaluotc the monetary affect of reducing or 
inercatiing ihc duration of each aclivSty, it is necessary'to have 
activity tinic/cost relations. Such rcMiona can be established ori]y 
on [he basis of pa at records of project cost and limCn It would be 
necessary for the organisation to develop a bank of such data bo that 
eJTtclive use can be made of them in future scheduling of projects 
□nd working out ihc optirnum soLulion^ A typical time/cort curve 
for an activity is illusiraied in Fig. JO, The lowest cost {least cost) 
is also caiEqd the normaJ cost and the time when this is obtained is 
Cfijled the normal lime. From the curve it is seen that as the time is 
reduced, the cost tends to go up curvilincary, till a point Of least time 
reached, Further reduction in lime is not possible and the cost 
tntreascs we till nf? lime redLCtion+ The least lime is often called, 
“crash tirne“ and ihe operation of speeding up an activity is called 
"crashing^^ The minimum cost of the project at the crash time is called 
the '^'crash cost for least time"’. For approximation, the curvilinear 
relation can be treated a linear relation shown in dotted line in 
Figure Id. The slope of (he straighMine gives an indication of the 

sensilivily of the activity as far as its time-cost relation is concerned. 



Ffj, JO.- ActiviiycCHit-time foJiitiDiiship 


6.4. In a net-worfct ifthe projeci is to be completed with 3 
smaller period, it is riece.'tsary re “'trash’" a number of activities. Il 
is uneconomical to crash all activities (hII crash solution) as it will 
result in useless cspcndjturc of resources. Only those activitrca which 
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are criLical need be crashed so ihai ihe project duration is reduced. 
The sqLtitioji obtained crashing llic activities atong the Critical 
Path is caJlcd iJie **Least Time Solulton‘^ While crashing some of the 
activities along a critical path, it may ao happen that some more 
autivilies might become critical. In such cases, it is necessary to 
crash both the previously critical and the newly critical activities in 
order to furtber cxiKdiie the project. To arrive :ii the most 
economical solution, it is neceatary Iq examine a number of optimal 
solutions that tie between the all normal soJulion on the one hand 
and crashed least time solution on the other hand. The procedure 



F[^. H, CosMErne curve 

is simplified by obtainirtg a plot of a number of alternarivcs involving 
clilTereat costs and dLiration. Fig. i 1 indictites such a !5Ci of curves, 
derived for Indirect costs* Direct coMs and the Total costa. From 
the curve for the Total Costs, it is possible to obtain rnhiimum total 
cost and the project duration for the minimum total coat. Thb is 
the most economical solution, 

6.5, The procedure of invesrtgating the effect of successively 
crashing various acilviEiea is called *'comprcssiorL’^^. As opposed to 
this, "decompression” is the operation ol successively increasing the 
project duration from the-“crashed solution” and mvcsligaliog Us 
efFeci on cost. 

6.6. The complexity of the operations involved makes the 
calculations laborious. If the operulions are too Urge, use of com- 
putors bccyme inevitable. Aciivutes upto 200-400 can reasonably 
be handled manunlly. but a larger number nerds computors. 
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CHAPTER 7 


7* RESOURCES fMANPOWER, E0U<PMENTi SCHfDUUHG 


7.U It UoA been mentjoneJ earlier in Chapier 4 [ha( wlieii the 
ini[ta] CPM nelwprk b drawn up, the duration oF each aciivity h 
fixed on the assumption that all reeoureei are available iind- can be 
applied for the completion of each activitj/. In actual practice, this 
ideal condition is hardly met with as ihtre will always be a limit to 
the availability of rc&ourecs such as labour, plant and equipmenL At 
a particular lime, there may be many activlltes in project that 
demand ailocalion of these resourceSn It, therefore, often becomes 
necessary to schedule the require men is of ibe resources on a time 
base. The concept will be iiiuslralcd by the following exampk. 

7,2, Fig, 12 shows a network of a project which invahes the 
use of a concrete mixer. The period of each activity in days is 
tndkated above the activity line and the number of miKcfs required 
on each day of the activity duraiion is given in brackets. 



Fig. 12 
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Table 2 below depicts the sehedulo of the project. 


Tadld 2 


Activities Duriition 

fFT r.FT 

EST 

LST Tptal Float 

Remarks 

1-2 

1 

] 


5 

0 

4 


4 




t-3 

3 

3 


3 

0 

0 


0 


CrElital 

3-4 

4 

1 


7 

3 

3 


0 


Criikal 

2-4 

2 

- 3 


7 

1 

5 


4 




2-5 

3 

4 

10 

1 

7 


C 




4-5 

3 

10 JD 

7 

7 


0 


Critical 

Table 3 represents the requirements of the concrete n'iixers for 

each day of 

the 

project dtitHtion of lO 

days, assuming that the 

activities start at EST, 
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It W]|J be seen frorn the ^bove that the requirement of cor ere SC 
niiserfi flucEitates from 1 to 1 I on different days^^U* the iiclivities are 
scheduled iq start on the Early Start Time. If ihe niaximum number 
qf cofu-Tcie mixers available on any day -is only ii becomes 
necessary to reschedule (he aclivitHrs to suit tlvly conitruint. Obviously, 
ihc activities wlikh tire criltcal cannot be resclietlukd. Only those 
activities that have a floJti can be adjusted. In the Tjible 4 below is 






























(Manpowsri Equipment) SchedulEng St 

shown a rcfchcduling of the non-critical iLctiviU«$ wjihin ihe feeway 
providetl by their float, so as to limii ihe maximum number of mixers 
per day to 6. 


Table 4 hhowcno mumbeii op mixers on each day aftfr 

lU-SCHEEJULtNC PROJECT 



Total No. of 566455 5 443 

mixers'- 


From the abo%'e example^ jt is seen how the CPM enables one 
to reschedule the project, without prolorging it. within the constraints 
of resources availabiiuy. 
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CllAPTlik « 


a. BUDGETING AND ACTUAL COSTS 


GeneraJly in mosl projects^ tht planner is time as wd! as cast 
bound. The planner has lo coordinate hiA resources so as to meet 
the actual requirements and at tlie same time keep to the lime 
schedule. For projects^ it is possibEe to draw a graph of resources vs 
lime^ Norrnaily manpower conslitLites the most ccutinion resource, 
and a graph of number of man-hours vs time can be drawn to indicate 
to the pianner the actual manpower rcqUirtmcr^Ls during a particular 
period and thus gives him sufficient warning, to arrange the 
sacnc timely. 

Similarly wilh ihe data avaiiabie from CPM network ii is also 
possible after having drawn the bar graph to draw the graph of lotal 
expenditure against lime. In this very graph, the expendilure actually 
incurred can also be shown so as lo indicate to the planner, whether 
the actual expcndiiLirc is likely to execd the budgetary provision and 
if so what precautionary steps have Lo be taken. 
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CHAPTER 9 


& APPLICATION OF CPM TO OTHER RELATED HIGHWAY 

MATTERS 

9.1. Apitrl n'om highway cor struct ion., ihc Cl^M tcchnic|iiC 
has found uaeful upplicuUon in a variciy of ariias hcmij dealt wilh by 
the Highway Department. Some of these arg : 

(i) H ighxvi^y Pl^inr i 

(ii) Transpprl&tion planning 
I'diJ Highway LocaLlipn Studied 

(iv> fnvesti gin-itsrt fliudies fur Bfidgc Projects 
iv) Design of t lighv-ay-i 
(vir Dcfigii or Bridget 
(vii) Acqtiashjpn of Right-of-way 

[viid Pfcp<tratioo pf Plnn^ and Esi intatcs nnj (.‘ontmet Awjifil 
(iifj Highway Maintcnanci 

9,2> Highway Hlinnlnt; 

1 ligitwity Planning for a Stale or a Counlry or urban airect 
planning for cjlies involve a nuniber of time-bound acUvitici such as 
preparation of liijjhw'ay inventory^ conducting irifHi: census, forecast¬ 
ing demand, catabliiih an tflciency ratings, determine highway needs, 
establish design geometric ataridards, fin priorities, deierniins finan¬ 
cing procedure, etc, A network can be prepared inlercontteciini^ idl 
such activilica to keep a close watch on the actuaE progress. 

9-3+ Transportation 

Transportation Planning is a complex task flnd involves a large 
number of detuited aciivjiics, such us examination of adequacy of 
tjiEsting facElities, study of accident data, compilation of tralhc data, 
preparation of truflic ftow maps, study of travel time, ctdkction of 
data on existing street Inventory, siLidy of land-use, review of parking 
needs and itxisTcng facilities, dcvelopmerL of origin and destination 
survey data, formuttUion of future iransporiatinn FanilEtics, cic. CPM 
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network anqly^is will help to monittir such a large planning exer¬ 
cise. 

9.4- 11iE*hw-ay IjrcLitian Studies 

The aeiiviries that generiilly consiiiute highway location studied 
could be aicvjcw ol'existing facililics and ihcirshortcomings including 
sub-standard geometries and capaciiy^ rsiablishmrnt of design' 
controia and aiandards, seloclion of aliernaiive routes on existing 
maps* preliminary engineering studies, alieniatc rough coal estimates, 
coal-benefii analysis, finiil fccomniiendation nf location, etc. 

9.5. liivvi^li^uftott Studies far Bridge I’rojotls 

Tilt’ invcsiigation studies for Hridge Projects embrace activities 
such as site selection, foundation; exploralion, compiLaiion and una- 
iysis of hydraulic: data, w'ater-way lisationn seketEon of alignment of 
approaches, etc. If a good degree of control is desired over these 
inicr-relcitcd activities, a network amtlysi-s .should be prepared. 

9.6. Design of nighwiiys 

The nctivLiies involved for designing higliways are many and 
varied, T'licy pertain to soj] studies^ pavement design, embankment 
design, geonietric design of high ways, drairuige studicsj preparation of 
plans, centre line survey, etc. 

9.7. Design of Bridges 

Design of Bridy^es can be broken down to smaller acrivltics 
such as fisaiion of water-ways, arrangcmciK of spans, selection of 
type of s obstruct on; and Superstructure* dcuikd devign of foundations 
5 ijhRi rue cure and supers tnactiirc. prepara lion of dciajied drawings, 
etc. If ii good arnount of control is desired over the time for pre¬ 
paration of the designs and if the schedule is to he kept up^ consi- 
tkrablegiiin can be had from applying The CPM techniques. 

9.H. AcMuisitioii of Histht-of-way 

Acquisition of Righl-of-way in ibis country involves a number 
of distinct stages^ and some of them arc governed by the legal provi¬ 
sions of the Land Acquisition Act, Matters cun be sorted out 
properly if the individual step.s .ire idcntirted nnti the critical aciivitJes 
^iven special autnlionr 
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9 Prcpariiiioii of Plnn?i nntl 

uftd Cantrflct Awiird 

Tha preparation of dctiiiled drawings lhai form ihe basis for 
award of contracts and the prepurution of eattnuiLes are involved in 
a large way in the working of any Higbvr*ay EKrparlment. The Steps 
invoived in this work can be broken down and a linear pmjiranime 
evolved for elective control over the ume* The work of award ol 
contract also involves certain time-rebicd sub-activities, such as 
prepiiratiOTi of bill of ciuantUies. preparation of specifications, pre* 

pa rat bn of general condilioTis of contract, issuing, press noiioa for 

inviting tenders, receipt of tenders, smiitiny of tenders, negotiation 
with tenders, approval of tender tiod award of work. This work 
alst^ lends ilselI to advantageous application of the CPM icchniqijc. 

9,10. Highway MainU'tisince 

Highway matnicnAiice is an operation that involves judicious 
use of scarce equipment and resources. In .iddtlion. the work is 
hiahly litne-rdated aince certain operations can be carried out only 
during certain scftsoriii. An annual procedure for rnainteuanec ope¬ 
rations, considering the muintetiancc needs and other circumsifinces, 
can be evolved with theC.P,M. technique. 
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CHAPTKU 10 


10, ADVANTAGES OF THE APPLICATION OF CPM 
TO HIGHWAY PROJECTS 


Ttic use o^CP^f li btcominB jncrcusingly popular in 
hSgliway projeeCfit The general fetling lUat such projecls do no( 
offer precise mathcTnatiica] solulions as produced by CFM s^hould not 
lessen the usefulness of the technique in any way. In our country, 
there arc certain peculiar constraints such m noti-uvui]ability of 
esschlia] materials, and it la often argued that the iruiial schedule can 
hardly be kept up for inany prOijeers, It should, bovvc%'cri, be realised 
that sudi constraints arc no deterrents to the application of CFM. In 
fact CFM owing to its flcftihiiliy not only facilitates amendinents to 
a large extent but also dearly indicates the effect of delays atid as 
such provides sat ['^factory ways of dealing with these problems. 

I0^2. Experience has shown that the application of CFM to 
highway projects results in several advantages over the conventional 
reporting system. These are; 

(a) The prc-ftciuisiie of CPM analysis requires a ihdrough and! detailed 
examinHtion of ihe project. 

(h) It errahlea the phinncr lu chalk out a logical profirammo wJth inter' 
dependence of th* various activities: aiid reatTHint*, 

ic) |i prpvidts a osefij] tuethofl of sehtdulina the resources lo ihc Irest 
of advantage, 

(d) It indicates and cmpliasi^cs ihe likoly activities Vi/hich may be the 
ceiuflc of ihe trouble arvcl delay la ihe projecl. 

fe) 1 e provides a basis for reporting progrcsji, 

ff) It indicates, in case some aciivitles are delayed, where extra oETori 
has Co b'c applied to restore the progrets and efTcci limety comp- 
Iciion, 

fjt) It racitllHies any change In pfo^rarnme when the siluatioti 
warrants. 

fill' It provides for an easy and clear method of communieating the 
engineer'i plan lo ihe oilicriS, 
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(i) It can be SIpplLed ii> various such aa pianniogT cons¬ 

truct ron and tiialntenaiWCi which ft Highway DepartiMut is called 
tipon to deni withi 

(j> Considerable saviTLB irt lime and monisy l& pOMiblc with the appli- 
union of Cf’M. 

lOJ, While CPM is no subsliiute for propw planninE. fiood 
estimaTing and effcciive control, it does enable those concerned to 
make the best use of ihcir skill and available data, 
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CHAPTER 11 

11. LIMITATIONS OF CPM 


It would thus appear that CPM* has a very wide range of appli¬ 
cation. However, it has Its own limitations and problems. Perfection 
rannol be achieved without experience and anyone using CPM for the 
first time may not find the desired results. It is imperative that 
expert advice be had on factors like duration of activity, restraints, 
cycle of activities, etc. 

Any basic error in feeding the data to the network cannot be 
checked and this would result in completely erroneous results. 

CPM costs more to implement than other planning methods 
since it necessitates a very detailed study of the project, which may 
not be called for in case of small projects where the engineer himself 
is competent to do correct planning and sound control. 

It is, however, felt that CPM is by far the best tool available to 
the engineer to keep close watch and control on projects whether big 
or small and at the same time a very convenient means of expressing 
himself to the common man. 

No doubt all the possible uses and advantages of CPM on the 
variety of problems encountered in highway projects have not yet 
been fully explored. Further study, research and application by the 

users themselves are essential to obtain the maximum benefit from 

CPM. 
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CHAFFER 12 


12. EXAMPLE OF A ORIDGE PROJECT 

12. L The principles enplained in the earlier priLigrapli!; will be 
illustrated by an example df a bridge project. The bridge being 
considered comprises three clear spans of 25 metres each ■with well 
foundations, Fig, 13. The entire bridge project has been biokcn up 
inlo a number of activities as listed in the activities 

therein appear in sequential order. The normal duration of the 
activities and their cost are also indicated in the same Table. 


S?AN 1 

SPAN 2 

SPAN 3 


=*. ' 

Fig. 13 

h ‘ 


12.2. The following assumptions arc made in the preparaiion 
of the CPM network, 

di There no couiTiaiac on the resources of concreie luixcra, vib- 
aiiJ labour* 

(ih OnJ^ two sets or well ^tfiAing shucterings are av4iiilubJe, 

(iii) For suging; and shuttcriag of the bridge superalrucLurc, two sets of 
centering Eind formwork material arc available,^ 

12.3. The CPM network for the bridge project hax been drawri 
on the ;ibovc basis andgiven in Plate L The duration, I^.S.T. 
L.S-T., E.F.T., L.F.T., T*F*> F.F* and I.F* of the amivjties are indicated 
in Appenclix-2. It will be seen that the duration of the project will 
be 247 days* The critical path is indicated in thick line. I hc bar 
graph for this project is given in Plate If. 

3 2.4. The effect of inducting one additional set of centering 
and shuttering materials for superstructure, will now be.examined. 
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With ihis additional resource being available^ if is possible to cast all 
the three siupcrslructurc spuans simultancoEislyi The modiftcd activities 
and CPM network arc sbown in Apptndix-3^ and Plate 111 respectively, 
it will be seen that the crjt’cal path has now altered and the project 
duration has got reduced to 225 dayg. The financial implication of 
this modification is as under. 

Assuming that the indirect costs arc 10 per cent of the project 
and this varies linearly with time^ the indirect co3t|fdav 

10%ofRs .. 5^5 

247 

The saving in the indirect cost due lo reduction of 22 days io 
the project duration is t 22 x 565 -= Rs 12,430. As agrainsi this, 
the ejitra expendilure to be incurred in procuring the addition^ set 
of staging and shuttering materials is Ra 1,18,500/- (assumed). 

The interest on this investment @ 15 per cent works cut to Rs 
17,750, 

Thus there will be an excess expenditure of R.s ( 17 , 75(1 — 12,430) 
=■ Rs 5,320. 

U will now be a management dectsion whether to go in for this 
change or uot, 

12,5. The study ia respect of cosMime balancing indicated in 
para 6. has not been carried out in this example. However, if it ia »o 
desired, it would be possible to arrive at the most optimal solution 
by crasliing the activities wherever possible and assessing the impact 
oil the project cost. 
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CHAPTER 13 


13. EXAMPLE OF A ROAD PROJECT 


13.1. The case of a Road Project will now be considered. 
The project consists of widening the existing single lane pavement to 
two lanes and simultaneous strengthening the pavement to meet the 
demands of traffic. The existing road will have to be realigned at a 
number of locations in order to improve the geometries and avoid 
congested town and villages. The entire project has been broken 
down into a number of activities listed in Appendix~4y and the acti¬ 
vities have been generally listed in the sequential order. The normal 
duration and the cost are also indicated in Appendix-4. 

11.2. The following assumptions are made in the preparation 
of the network : 

(i) There is no constraint on the resources of plant and equipment and 
labour. 

(ii) The work can commence in the month of April. There is a period 
of about 11 months (July and August) when due to monsoons the 
only activity that can be proceeded with is the water bound 
macadam. 

(iii) The work should be completed before the onset of the second mon¬ 
soon season. 

(iv) Land has already been acquired and the alignment has already been 
staked out. 

(v) The work can be split up into 4 smaller convenient sub*sections. 

13.3. The network is given in Plate IV. It will be seen that 
the duration is 292 days. The critical path is indicated in thick line. 
The bar chart for the project is shown in Plate V, The particulars 
of the activities such as duration, E.S.T., L.S.T., E.F.T., L.F.T., T.F., 
F.F. and I.F. are given in Appendix-5. 



Appendices 



Appendices 









67 


A 


c 

I 


</i 

z: 

o 

H 

< 

e 

z 

o 

iii 

X 
H 

i 


£ 

w 

(/I 

izJ 

tfj 

z 

c 

a, 

i/! 

Lb 

o 

U 

Lf 

Q 

00 

Cj 

0 

4 


m 

£ 

li 

o; 


Tl J 


c 

C 4 h 

J; 

0 3-0 

za'^ 


d 

a 

O 


c: 

o 

a 

lu 

V 

w 

V 

Q 


^ o 
5 2= 
< 


'-■ tp 


o 

s 

S 1 

5 


vi 

CTl — {?i 

A 


O r-l r^ 




-5 ^ 

O a 


H 

5 

f 5 


, 3 

eA Q 

g -! 

CTv 


P 

CJ 

O' 


rs 

U 

s 

C i/j 
= -U E^ 

z ss 

0 _g55 

« rt ^ 


•M 

O 

z 

-t 


Sn 

u 

to 

B 


4 


fcj 
* 2 


fl* 
aci 
’O 

"u, 3 

ij- ■_ 

5 O 


as 
s a 

■s^ 

i Id 


CO., 
^ < 

^ 5? r 

wO ■- 3 <; 

i- ^ r* ^ 


1^ 

3 

^<1 

u 


I 

o 

T 


.- H 


.5 .^2 ^^1- 




^ S 

4m ^ 


-- v\ O 

0 § « 

^ '-^4—' 

A US 


♦- jj o 

=• z 

r*_ 


I 7 


3 

s 


e 

O ’J 

o 

v '» 

bS 3 

« 

E 

5 z 

E 


-p 

oj td 

'>1- 

« 


i/J 

tb 


U-l s 

p-i ^ 

lA. 

'A 


i 

7 


nf 


I I 


I 

up 


C4 


r^ 

j*- 

« 

F^ 

in 



Vi 

i*- 


d£] 

r- 


oa 


UJ ‘W 

e: 


t 3 

E ^ 
C w 

-E o 

P 


I lA ^3 
l>.^~" C 

U_S] 

“■ 


GD“ 


1z 


t. 

t3 


□ 

Z 


c 

3 

PQ 


c 

Od 

a 

u 


a 

O. 


I 

r* 


■S 

?d '^■Ts! 


EU 

c 


* s w 

».s - 

eE IS< 

■- d 

^ a « 
■- s ^ 

a ® TT 

.1-“ ■j 

^_ w 


e* 

c 


a _ 

3 “ 


e: o 

ibh kj 

S3 

u if 

tm 

Cn ai 


dj “ “ 

u c a 
E 
UJ 


a> 

S 


¥1 ^ SP 

, C.-C 
C 

- 

LU 3 K 


£ 
_ u) 


Os 


J 

in. 


I 


Frcc-fms. sl-intTcrlng, laying; icmfoi-ce- }5 lifti 

cj>iicFettng and sinking the 

L'nijre well Mm. Pi ind Pi 










Appendix-f (Conid.) 

Acitvicy Dcscriplion QkianUlv Normal C*si Rttnatks 

Duracion If) 
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Appendix-2 


DETAILS OF ACTIVITIES OF BRIDGE PROJECT 


Activity 

Arrow 

Duration 

(days) 

EST 

LST 

EFT 

LFr 

TF 

FF 

IF 

Remarks 

0-1 

10 

0 

0 

10 

10 

0 

0 

0 

Critical 

1-2 

30 

10 

10 

40 

40 

0 

0 

0 

Critical 

2-3 

5 

40 

45 

45 

50 

5 

5 

0 


2-4 

10 

40 

40 

50 

50 

0 

0 

0 

Critical 

2-8 

90 

40 

109 

130 

199 

69 

69 

0 


3-4 

0 

45 

50 

45 

50 

5 

5 

0 


4-5 

2 

50 

50 

52 

52 

0 

0 

0 

Critical 

5-6 

3 

52 

52 

55 

. 55 

0 

0 

0 

Critical 

6-7 

3 

55 

55 

58 

58 

0 

0 

0 

Critical 

7-9 

3 

58 

58 

61 

61 

0 

0 

0 

Critical 

9-10 

75 

61 

74 

136 

149 

13 

0 

13 


10-12 

4 

136 

149 

140 

153 

13 

0 

13 


12-14 

16 

140 

153 

156 

169 

13 

0 

13 


14-16 

2 

156 

169 

158* 

171 

13 

0 

13 


16—18 

8 

158 

171 

166 

179 

13 

0 

13 


18-20 

20 

166 

179 

186 

199 

13 

0 

13 


18-24 

15 

166 

187 

181 

202 

21 

21 

0 


9-11 

78 

61 

61 

139 

139 

0 

0 

0 

Critical 

11-13 

4 

139 

139 

143 

143 

0 

0 

0 

Critical 

13-15 

16 

143 

143 

159 

159 

0 

0 

0 

Critical 

15-17 

2 

159 

159 

161 

161 

0 

0 

0 

Critical 

17-19 

8 

161 

161 

169 

169 

0 

0 

0 

Critical 

19-21 

30 

169 

169 

199 

199 

0 

0 

0 

Critical 

19-25 

15 

169 

187 

184 

202 

18 

0 

18 


21-23 

3 

199 

199 

202 

202 

0 

0 

0 

Critical 

25-23 

0 

184 

» 

202 

184 

202 

18 

18 

0 


20-22 

3 

186 

199 

189 

202 

13 

0 

13 


20-33 

7 

186 

208 

193 

215 

22 

0 

22 

• 

22 — 24 

0 

189 

202 

189 

202 

13 

13 

0 

- 

23-24 

0 

202 

202 

202 

202 

0 

0 

0 

Critical 

24-26 

6 

202 

202 

208 

208 

0 

0 

0 

Critical 

26-28 

5 

208 

236 

213 

241 

28 

0 

28 
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Appendix-2 {Contd.) 


Activity 

Arrow 

Duration 

(days) 

EST 

LST 

EFT 

LFT 

TF 

FF 

IF 

Remarks 

26-30 

22 

208 

208 

230- 

230 

0 

0 

0 

Critical 

8-21 

0 

130 

199 

130 

199 

69 

69 

0 


8-20 

0 

130 

199 

130 

199 

69 

56 

13 


30-31 

6 

230 

230 

236 

236 

0 

0 

0 

Critical 

31-32 

5 

236 

236 

241 

241 

0 

0 

0 

Critical 

28-32 

0 

213 

241 

213 

241 

28 

28 

0 


23-27 

6 

202 

230 

208 

236 

28 

0 

28 


27-29 

5 

208 

236 

213 

241 

28 

0 

28 


29-32 

0 

213 

241 

213 

241 

28 

28 

0 


33—34 

30 

193 

215 

223 

245 

22 

0 

22 


33-35 

30 

193 

217 

223 

247 

24 ■ 

0 

24 


34-36 

2 

223 

245 

225 

247 

22 

22 

0 


35-36 

0 

223 

247 

223 

247 

24 

24 

0 


32-36 

6 

241 

241 

247 

247 

0 

0 

0 

Critical 






MODfFIED ACTIVITIES FOR R,C.C, BRIDGE OF 3 SPANS 25 METRES EACH WITH 

WELL FOUNDATIONS 
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DETAILS OF ACTIVITIES OF A ROAD PROJECT 


Activity 

Arrow 

Duration 

(days) 

EST 

LST 

EFT 

LFT 

TF 

FF 

IF 

0-1 

4 

0 

10 

4 

14 

10 

0 

10 

0-2 

4 

0 

0 

4 

4 

0 

0 

0 

0-3 

4 

0 

3 

4 

7 

3 

0 

3 

0-4 

4 

0 

7 

4 

11 

7 

0 

7 

0-5 

30 

0 

182 

30 

212 

182 

0 

182 

1-15 

7 

4 

15 

11 

22 

11 

1 

10 

1-7 

4 

4 

14 

8 

18 

10 

0 

10 

2-16 

7 

4 

5 

11 

12 

1 

1 

0 

2-8 

4 

4 

4 

8 

8 

0 

0 

0 

3-17 

7 

4 

8 

11 

15 

4 

1 

3 

3-9 

4 

4 

7 

8 

11 

3 

0 

3 

4—18 

7 

4 

12 

11 

19 

8 

1 

7 

4-10 

4 

4 

11 

8 

15 

7 

0 

7 

15-11 

0 

11 

22 

11 

22 

11 

1 

10 

7—11 

4 

8 

18 

12 

22 

Ip 

0 

10 

16-12 

0 

11 

12 

11 

12 

1 

1 

0 

8-12 

4 

8 

8 

12 

12 

0 

0 

0 

17-13 

0 

11 

15 

11 

15 

4 

1 

3 

‘9—13 

4 

8 

11 

12 

15 

3 

0 

3 

18-14 

0 

11 

19 

11 

19 

8 

I 

7 

10-14 

4 

8 

15 

12 

19 

7 

0 

7 

5-6 

15 

30 

212 

45 

227 

182 

0 

182 

6—51 

60 

45 

227 

105 

287 

182 

182 

0 

11—19 

45 

12 

22 

57 

67 

10 

0 

10 

12—20 

55 

12 

12 

67 

67 

0 

0 

0 

13—21 

52 

12 

15 

64 

67 

3 

0 

3 

14-22 

48 

12 

19 

60 

67 

7 

0 

7 

19-23 

10 

57 

67 

67 

77 

10 

0 

10 

28—24 

10 

67 

67 

77 

77 

0 

0 

0 

21—25 

10 

64 

67 

74 

77 

3 

0 

3 

22-26 

10 

60 

67 

. 70 

77 

7 

0 

7 

23—27 

20 

67 

77 

87 

97 

10 

0 

10 


Remarks 


Critical 


Critical 


Critical 


Critical 


Critical 
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Appendix-5 {Contd.) 


Activity 

Arrow 

Duration' EST 
(clays) 

LST 

EFT 

LFT 

TF 

FF 

IF 

Remarks 

24-28 

20 

77 

77 

97 

97 

0 

0 

0 

Critical 

25-29 

20 

74 

77 

94 

97 

3 

0 

3 


26—30 

20 

70 

77 

90 

97 

7 

0 

7 


27-31 

20 

87 

97 

107 

117 

10 

0 

10 


28—32 

20 

97 

97 

117 

117 

0 

0 

0 

Critical 

29-33 

20 

94 

97 

114 

117 

3 

0 

3 


30-34 

20 

90 

97 

no 

117 

7 

0 

7 


31—35 

44 

107 

118 

151 

162 

11 

0 

11 


31-39 

45 

107 

117 

152 

162 

10 

0 

10 


32—36 

44 

117 

118 

161 

162 

1 

0 

1 


32-40 

45 

117 

117 

162 

162 

0 

0 

0 

Critical 

33-37 

44 

114 

118 

158 

162 

4 

0 

4 


33—41 

45 

114 

117 

159 

162 

3 

0 

3 


34-38 

44 

no 

118 

154 

162 

8 

0 

8 


34-42 

45 

no 

117 

155 

162 

7 

0 

7 


35-39 

0 

151 

162 

151 

162 

11 

1 

10 


36—40 

0 

161 

162 

161 

162 

I 

1 

0 


37-41 

0 

158 

162 

158 

162 

4 

1 

3 


39-42 

0 

154 

162 

154 

162 

8 

1 

7 


39-43 

80 

152 

162 

232 

242 

10 

0 

10 


40-44 

80 

162 

162 

242 

242 

0 

0 

0 

Critical 

41-45 

80 

159 

162 

239 

242 

3 

0 

3 . 


42-46 

80 

155 

162 

235 

242 

7 

0 

7 


43-47 

40 

232 

242 

272 

282 

10 

0 

10 


44-48 

40 

242 

242 

282 

282 

0 

0 

0 

Critical 

45-49 

40 

239 

242 

274 

282 

3 

0 

3 


46-50 

40 

235 

242 

275 

282 

7 

0 

7 


47-52 

5 

272 

282 

277 

287 

10 

10 

0 


48-52 

5 

282 

282 

287 

287 

0 

0 

0 

Critical 

49-52 

5 

279 

282 

284 

287 

3 

3 

0 


50-52 

5 

275 

282 

280 

287 

7 

7 

0 


51-52 

0 

105 

287 

105 

287 

182 

182 

0 


52-59 

5 

287 

287 

292 

292 

0 

0 

0 

Critical 
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